Thirty Pasteurellaceae strains isolated from gerbil, guineapig, hamster, mouse, muskrat and rat were reinvestigated and reclassified after comparison with reference strains. Strains originally described as Pasteurella pneumotropica were reclassified as [Pasteurella] pneumotropica Heyl biotype (7), [P.] pneumotropica Jawetz biotype (1), Pasteurella dagmatis (1) or Taxon 22 (2). Strains previously reported as Actinobacillus sp. were reclassified as [P.] pneumotropica biotype Jawetz (3), P. dagmatis (3) or Taxon 6 (7). Strains earlier described as Pasteurella gallinarum were renamed as SP group pasteurellas (4) or Taxon 25 (2). Some of these reclassified Pasteurellaceae have not been reported previously in rodents. The present findings underline the importance of extended characterization of isolates and comparison with reference strains to avoid miscIassification within the family Pasteurellaceae Pohl 1981.
Within the last few years new insights have emerged into the taxonomy of the Pasteurellaceae family and hence into the classification of isolates. Based on current information, previous investigations of Pasteurellaceae from rodents, reported in 3 papers by one of us (Boot et ai. 1983 (Boot et ai. , 1986a (Boot et ai. , 1986b , were incomplete. The aim of the present study was to reinvestigate and reconsider the identification of 30 Pasteurellaceae obtained from laboratory and wild rodents, by comparing their phenotypic characters with those of reference strains.
Materials and methods
Thirty rodent bacterial isolates (Table I) , classified previously as Actinobacillus sp., Pasteurella gallinarum or Pasteurella pneumotropica were studied. The isolates were from gerbils (2), guineapigs (12), hamsters (2), mice [1 lab animal, 5 wild), muskrat (1, wild) and rats 11lab. animal, 6 wild). Accepted 26 October 1994 All isolates, kept in a lyophilized state since isolation, were suspended in veal infusion broth (Difco), then inoculated onto blood agar (Tryptose blood agar base (Difco) containing 5% citrated bovine blood) and incubated aerobically at 37°C for 24 h.
Cloned subcultures were characterized phenotypically by standard methods (Bisgaard 1975 (Bisgaard , 1982 , with detection of a-fucosidase, a-galactosidase, a-glucosidase, ,a-glucuronidase, a-mannosidase and {3xylosidase according to Kilian and Bulow (1976) .
Results obtained from the 30 rodent isolates were compared with those from a large variety of reference strains including [P.] 1 pneumotropica Heyl ATCC 12555 T , [P.] pneumotropica Jawetz NCTC 8141T, Pasteurelladagmatis NCTC 11617T, SP group strain SSI P603, Taxon 6 strain lSquarebrackets around genus are used to indicate that the speciesdoes not belongto the sensu stricto definition of this genus. Jawetz biotype. Four rat isolates were classified as Pasteurella dagmatis. Four isolates from guineapigs had phenotypic characteristics in agreement with those of the so-called SP group. Six isolates from guineapigs and one from a muskrat were similar to Taxon 6 reference strain. Two rat isolates and 2 guineapig isolates were assigned to Taxon 22 and 2S respectively. The previous classification of these organisms appear in Table 1 .
The biochemical profiles of the 30 isolates showed some minor differences from the reference strains. The phenotypic characteristics that are useful in separating the taxa investigated are printed in bold in Table 2 .
Discussion
Insight into the taxonomic relationships of members of the Pasteurellaceae has increased considerably during the last decade. The last edition of Bergey's Manual of Systematic Bacteriology (Mannheim 1984) listed 28 species within the family. By 1989 the number of species and taxa had increased to more than 80 (Mutters et aI. 1989) . Due to increased knowledge, the limited number of tests performed and the fact that reference strains were not studied simultaneously, it was felt reasonable to reinvestigate several Pasteurellaceae isolated from wild and laboratory rodents (Boot et a1. 1983 (Boot et a1. , 1986a . Boot & Bisgaard All Pasteurellaceae reconsidered in this study matched reference strains studied simultaneously, and could be reclassified as [P.] pneumotropica biotypes Heyl or Jawetz, P. dagmatis, so-called SP group pasteurellas, Taxon 6, Taxon 22 or Taxon 25.
The [P.] pneumotropica complex has been linked to the genus Actinobacillus [Mutters et al. 1985) and has been reviewed by Mutters et a1. (1989) . [P.] pneumotropica biotypes Heyl and Jawetz represent 2 distinct species or groups and genetic intermediates have not been found (Ryll et a1. 1991) . [P.] pneumotropica Heyl biotype seems to represent a species without clear genotypic relationship to other known genera or genera-like groups. Biotype Heyl has been isolated from a guineapig, hamsters, mice, a rabbit and rats (Bisgaard 1993j , to which the gerbil can now be added (Table 1 ). However differences between biotype Heyl isolates that can be related to the host species of origin remain possible, as differences have been detected e.g. in the haemagglutinating properties of mouse and rat isolates of [P.] pneumotropica [Boot et a1. 1993 ).
RylletaI.
(1991)showed that [P.]pneumotropica Jawetz biotype represents a genus-like cluster consisting of several species, including V-factor dependent [Haemophilus] taxon B of Kilian and the avian [P.] pneumotropicalike bacteria (Bisgaard 1982) , subsequently named Taxon 22 by Bisgaard (1993) . The Jawetz biotype of [P.] pneumotTopica has been isolated from guineapigs, hamsters, mice, a rabbit and from rats (Bisgaard 1993) , to which the gerbil can be added.
Although the presence of biotypes Heyl and Jawetz of [P.] pneumotropica seems predictable in wild mice or rats (Table 1) , this has not been reported to our knowledge. P. dagmatis, previously classified as Pasteurella 'gas' or P. pneumotropica biotype Henriksen, has been reported mainly from the oral and nasal mucosa of dogs and cats (Mutters et aI. 1985) , and occasionally from infected bites in humans and from rodents (Bisgaard 19931 .It would be of interest to know to what extent laboratory rodents might become infected The SP group of pasteurellas has been isolated previously from guineapigs and human blood and faeces (Frederiksen 1981) . The exact relationship between human and rodent SP group isolates has not been studied. Biochemically, organisms classified with the SP group differ clearly from Taxon 6, which has been reported from guineapigs too (Bisgaard et 01. 1983). In cross reactivity studies using ELISA, SP group bacteria and Taxon 6 isolates from guineapigs were clearly different (Boot et al. 1995) . The occurrence of Taxon 6 bacteria in wild muskrats has not been reported previously.
Taxon 22 has to our knowledge not been reported previously from rats. Ryll et al. (1991) reported that Taxon 22 from healthy chickens, might represent a new species within the [P.] pneumotropica biotype Jawetz complex. An epidemiological relationship between Taxon 22 isolates from chickens and wild rats seems possible but has never been documented.
Two isolates from guineapigs suffering from otitis media showed phenotypic characteristics that are clearly different from all other Pasteurellaceae studied (Table 2) , and from other hitherto recognized species or groups within the family. These 2 isolates seem to represent a new taxon, tentatively designated Taxon 25 (Bisgaard 1993). The present findings underline the importance of extended characterization of isolates and comparison with reference strains to avoid misclassification within the family Pasteurellaceae Pohl1981. Correct classification of Pasteurellaceae will contribute to a better understanding of their epidemiology and will form a sound basis for the selection of strains for studies on the pathogenesis of infections by such bacteria.
